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Disclosed herein is a semiconductor device including: a sub-
strate having a first conductive layer and a second conductive
layer arranged deeper than the first conductive layer; a large-
diameter concave portion having, on a main side of a sub-
strate, an opening sized to overlap the first and second con-
ductive layers, with the first conductive layer exposed in part
of the bottom of the large-diameter concave portion; a small-
diameter concave portion extended from the large-diameter
concave portion and formed by digging into the bottom of the
large-diameter concave portion, with the second conductive
layer exposed at the bottom of the small-diameter concave
portion; and a conductive member provided in a connection
hole made up of the large- and small-diameter concave por-
tions to connect the first and second conductive layers.
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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/617,806, filed Sep. 14, 2012, which claims
priority to Japanese Patent Application No. JP 2011-219843,
filed in the Japan Patent Office on Oct. 4, 2011, the entire
disclosures of which are hereby incorporated herein by ref-
erence.

BACKGROUND

The present technology relates to a semiconductor device
having conductive layers of different heights exposed in a
connection hole and a manufacturing method of the same.

LSIs and other semiconductor devices have downsized and
grown in sophistication thanks to high-density integration
made possible by micro fabrication process. In such a high-
density integrated semiconductor device, new ideas have
been introduced to reduce the necessary area of the interlayer
connection structure for multilayer interconnects. For
example, Japanese Patent Laid-Open No. 1997-199586 dis-
closes a semiconductor device having a shared contact struc-
ture. In this semiconductor device, the conductive material
layers of different heights are connected together with a
single connection hole for interlayer connection between
multilayer interconnects. As a result, a shared contact struc-
ture ensures a smaller necessary area than when a connection
hole is provided for each conductive material layer, thus
providing high-density integration.

The step of making a connection hole in a shared contact
structure is performed as described below. First, a resist pat-
tern having an opening pattern overlapping both of the con-
ductive material layers of different heights is formed by
lithography. Next, the interlayer insulating film is etched
using the resist pattern as a mask until the shallow conductive
material layer is exposed. Next, the surrounding interlayer
insulating film is etched using the already-exposed and shal-
low conductive material layer as a mask until the deep con-
ductive material layer is exposed. The interlayer insulating
film is etched as described above using a single resist pattern,
thus forming a shared contact structure with different con-
ductive material layers exposed in a connection hole.

SUMMARY

However, the step of making a connection hole in a shared
contact structure in related art causes the shallow conductive
material layer that is exposed earlier to be subjected to plasma
for an extended period of time during etching of the interlayer
insulating film, thus resulting in overetching of the shallow
conductive material layer. This leads to formation of a metal-
based deposit on the side wall of the connection hole. This
metal-based deposit remains unremoved after asking or
chemical posttreatment, producing particles and resulting in
lower yield. Further, this excessive etching of the shallow
conductive material layer may give rise to a complete pen-
etration of the conductive material layer. In this case, when
the final metal is filled into the connection hole, the metal can
come into contact with only the lateral side of the conductive
material layer, thus resulting in increased electrical resis-
tance.

In light of the foregoing, it is desirable to provide a semi-
conductor device having conductive material layers of differ-
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2

ent heights exposed in a connection hole. The semiconductor
device offers improved yield by minimizing excessive etch-
ing of the shallow conductive material layer. It is also desir-
able to provide a manufacturing method of the same.

According to an embodiment of the present technology,
there is provided a semiconductor device including a sub-
strate and connection hole. The substrate has a first conduc-
tive layer and a second conductive layer arranged deeper than
the first conductive layer. The connection hole is made up of
alarge-diameter concave portion and small-diameter concave
portion. The large-diameter concave portion has an opening
sized to overlap the first and second conductive layers on a
main side of a substrate. The first conductive layer is exposed
in part of the bottom of the large-diameter concave portion.
The small-diameter concave portion is extended from the
large-diameter concave portion and formed by digging into
the bottom of the large-diameter concave portion. The second
conductive layer is exposed at the bottom of the small-diam-
eter concave portion. A conductive member adapted to con-
nect the first and second conductive layers is provided in the
connection hole made up of the large- and small-diameter
concave portions.

Further, the present technology is also a manufacturing
method of the semiconductor device configured as described
above and includes the following steps. A large-diameter
resist pattern is formed on a substrate incorporating a first
conductive layer and a second conductive layer arranged
deeper than the first conductive layer. The large-diameter
resist pattern has an opening that exposes the tops of the first
and second conductive layers. A large-diameter concave por-
tion having the first conductive layer exposed at the bottom is
formed in the substrate based on etching using this large-
diameter resist pattern as a mask. A small-diameter resist
pattern is formed on the substrate. The small-diameter resist
pattern has an opening that exposes the top of the second
conductive layer within the area where the large-diameter
concave portion is formed. A small-diameter concave portion
having the second conductive layer exposed at the bottom is
formed in the substrate based on etching using this small-
diameter resist pattern as a mask. The semiconductor device
configured as described above is acquired by the above steps.

In the semiconductor device configured as described above
and the manufacturing method thereof, etching is performed
using the large- and small-diameter resist patterns as masks
during the formation of the large- and small-diameter con-
cave portions making up the connection hole. As a result, the
first and second conductive layers arranged at different depths
are exposed in the connection hole. At this time, etching is
performed using the unique small-diameter resist pattern cov-
ering the first conductive layer as a mask rather than using the
first conductive layer exposed at the bottom of the large-
diameter concave portion as a mask. This minimizes exces-
sive subjection of the first conductive layer to an etching
atmosphere for an extended period of time, thus preventing
excessive etching of the same layer.

Thus, the present technology prevents excessive etching of
the first conductive layer arranged shallower than the second
conductive layer during the formation of the connection hole
in which the first and second conductive layers arranged at
different depths are exposed. This prevents thinning of the
first conductive layer caused by excessive etching, thus pro-
viding proper conductivity of the first conductive layer and
proper connection between the same layer and filling mem-
ber. As aresult, it is possible to achieve improved yield of the
semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of main components of a
semiconductor device according to a first embodiment;
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FIGS. 2A to 2G are cross-sectional process diagrams illus-
trating the manufacturing method of the semiconductor
device according to the first embodiment;

FIGS. 3A to 3G are cross-sectional process diagrams illus-
trating the manufacturing method of the semiconductor
device according to a second embodiment;

FIGS. 4A to 4G are cross-sectional process diagrams illus-
trating the manufacturing method of the semiconductor
device according to a third embodiment;

FIGS. 5A to 5H are cross-sectional process diagrams illus-
trating the manufacturing method of the semiconductor
device according to a fourth embodiment;

FIGS. 6A to 6F are cross-sectional process diagrams illus-
trating the manufacturing method of the semiconductor
device according to a fifth embodiment;

FIGS. 7A to 7F are cross-sectional process diagrams illus-
trating the manufacturing method of the semiconductor
device according to a sixth embodiment; and

FIGS. 8A to 8F are cross-sectional process diagrams illus-
trating the manufacturing method of the semiconductor
device according to a seventh embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A description will be given below of the preferred embodi-
ments of the present technology. It should be noted that the
description will be given in the following order.

1. First embodiment (configuration of the semiconductor
device)

2. First embodiment (manufacturing method in which the first
interconnect exposed at the bottom of the large-diameter con-
cave portion formed earlier is covered with the small-diam-
eter resist pattern)

3. Second embodiment (manufacturing method in which
etching is stopped halfway in such a manner that the unetched
thicknesses on top of the first and second interconnects agree)
4. Third embodiment (manufacturing method in which etch-
ing is stopped halfway using the interlayer insulating film as
an etching stopper)

5. Fourth embodiment (manufacturing method in which the
filling member is filled into the concave portion formed by
stopping etching halfway)

6. Fifth embodiment (manufacturing method in which a resist
material used to cover the second interconnect is left unre-
moved in the small-diameter concave portion formed earlier)
7. Sixth embodiment (manufacturing method in which etch-
ing is stopped halfway in such a manner that the unetched
thicknesses on top of the first and second interconnects agree)
8. Seventh embodiment (manufacturing method in which
etching is stopped halfway in such a manner that the unetched
thicknesses on top of the first and second interconnects agree
and in which a hard mask is used)

It should be noted that like components in the embodiments
and modification examples will be denoted by the same ref-
erence numerals, and the description thereof will be omitted.

1. First Embodiment
Configuration of the Semiconductor Device

FIG. 1 is a cross-sectional view of main components of a
semiconductor device according to a first embodiment. A
detailed description will be given below of the semiconductor
device according to the first embodiment based on this cross-
sectional view of main components.
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4

A semiconductor device 1 shown in FIG. 1 includes a
substrate made up of a first substrate 10 and second substrate
20 that are bonded together with a joint section 30. The first
substrate 10 incorporates a first interconnect 12, and the sec-
ond substrate 20 a second interconnect 22. Further, the first
interconnect 12 of the first substrate 10 and the second inter-
connect 22 of the second substrate 20 are connected together
via a connection hole 40 that penetrates the first substrate 10.
It should be noted that the first and second interconnects are
one form of conductive layers. The structure and fabrication
method of the connection hole 40 are a distinctive feature of
the first embodiment. A detailed description will be given
below of the configuration of the semiconductor device 1,
with the first substrate 10, second substrate 20 and joint
section 30 described in this order.

[First Substrate 10]

The first substrate 10 includes a semiconductor layer 11
and an interconnect layer 13 that is deposited on the side of
the second substrate 20.

The semiconductor layer 11 is a thinned semiconductor
substrate made, for example, of single crystalline silicon.
Transistor sources and drains that are not illustrated here are,
for example, provided on the side of the semiconductor layer
11 interfacing with the interconnect layer 13.

Transistor gate electrodes that are not illustrated here are,
for example, provided on the side of the interconnect layer 13
interfacing with the semiconductor layer 11. These electrodes
are covered with an interlayer insulating film 14 made, for
example, of silicon oxide. A plurality of filled interconnects,
each made, for example, of copper, are provided in the groove
pattern of the interlayer insulating film 14. One of the plural-
ity of filled interconnects is the first interconnect (first con-
ductive layer) 12. Although not illustrated here, on the other
hand, some of the filled interconnects are connected to the
transistor sources and drains and gate electrodes. It should be
noted that the interconnect layer 13 may have a multilayer
interconnect structure. In this case, the first interconnect 12
may be provided in a layer of any depth.

[Second Substrate 20]

The second substrate 20 includes a semiconductor layer 21
and an interconnect layer 23 that is deposited on the side of
the first substrate 10.

The semiconductor layer 21 is a thinned semiconductor
substrate made, for example, of single crystalline silicon.
Transistor sources and drains that are not illustrated here are,
for example, provided on the side of the semiconductor layer
21 interfacing with the interconnect layer 23.

Transistor gate electrodes that are not illustrated here are,
for example, provided on the side of the interconnect layer 23
interfacing with the semiconductor layer 21. These electrodes
are covered with an interlayer insulating film 24 made, for
example, of silicon oxide. A plurality of filled interconnects,
each made, for example, of copper, are provided in the groove
pattern of the interlayer insulating film 24. One of the plural-
ity of filled interconnects is the second interconnect (second
conductive layer) 22. Although not illustrated here, on the
other hand, some of the filled interconnects are connected to
the transistor sources and drains and gate electrodes. It should
be noted that the interconnect layer 23 may have a multilayer
interconnect structure. In this case, the second interconnect
22 may be provided in a layer of any depth.

Further, through-vias 25 penetrating the semiconductor
layer 21 are provided in the second substrate 20 and con-
nected to some of the filled interconnects in the interconnect
layer 23. The through-vias 25 are made, for example, of
coppet.
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[Joint Section 30]

The joint section 30 is made of an adhesive film bonding
the first and second substrates 10 and 20 together. The first
and second substrates 10 and 20 are bonded together with the
joint section 30 sandwiched between the interconnect layer
13 of the first substrate 10 and the interconnect layer 23 of the
second substrate 20.

[Connection Hole 40]

The connection hole 40 is provided to penetrate the first
substrate 10 and joint section 30 with the first and second
interconnects 12 and 22 exposed at its bottom. The connec-
tion hole 40 configured as described above includes a large-
diameter concave portion 41 and a small-diameter concave
portion 42. The small-diameter concave portion 42 is
extended from the large-diameter concave portion 41 and
formed by further digging into the bottom of the same portion
41.

The opening of the large-diameter concave portion 41 is
provided on the exposed side of the semiconductor layer
(hereinafter referred to as a front surface 11a) and sized to
overlap the first and second interconnects 12 and 22. That is,
it is only necessary for the opening of the large-diameter
concave portion 41 to be sized to cover the contact portions of
the first and second interconnects 12 and 22 and partially
overlap the first and second interconnects 12 and 22 when the
substrate is seen in plan view. On the other hand, a depth t1 of
the large-diameter concave portion 41 is measured from the
front surface 11a to the first interconnect 12. The depth t1 may
be a depth overetched to some extent into the first intercon-
nect 12. The interlayer insulating film 14 is exposed together
with the first interconnect 12 at the bottom of the large-
diameter concave portion 41 located at the depth t1. Further,
the opening of the small-diameter concave portion 42 is pro-
vided at the bottom thereof. That is, the bottom of the large-
diameter concave portion 41 located at the depth t1 includes
the first interconnect 12 and interlayer insulating film 14.

On the other hand, the small-diameter concave portion 42
is extended from the large-diameter concave portion 41 and
formed by digging into the bottom of the same portion 41. A
depth t2 of the small-diameter concave portion 42 is mea-
sured from the bottom of the large-diameter concave portion
41 to the second interconnect 22. The second interconnect 22
is exposed at the bottom of the small-diameter concave por-
tion 42. It should be noted that the interlayer insulating film
24 may be exposed together with the second interconnect 22
at the bottom of the small-diameter concave portion 42.

As described above, the bottom of the connection hole 40
located at the depth t1 includes not only the first interconnect
12 but also the interlayer insulating film 14 rather than only
the first interconnect 12.

Further, a conductive member 43 is provided in the con-
nection hole 40 to connect the first and second interconnects
12 and 22. That is, the conductive member 43 connects the
first and second interconnects 12 and 22 that are exposed at
different depths. Among materials that can be used as the
conductive member 43 are a filling metal filled into the con-
nection hole 40 and a conductive film provided on the inner
wall of the connection hole 40.

Advantageous Effect of the Semiconductor Device
According to the First Embodiment

The semiconductor device 1 according to the first embodi-
ment described above has the interlayer insulating film 14
exposed together with the first interconnect 12 at the bottom
located at the depth t1 of the connection hole 40. That is, the
small-diameter concave portion 42 making up the connection

40

45

50

55

6

hole 40 is formed by etching using a unique pattern as a mask
rather than using the first interconnect 12 exposed at the
bottom of the large-diameter concave portion 41 as a mask.

As will be described in detail thereafter in the embodi-
ments of the manufacturing method, therefore, the semicon-
ductor device 1 includes the connection hole 40 adapted to
prevent excessive etching of the first interconnect 12 that is
exposed at the depth t1, thus preventing defects caused by this
excessive etching and providing improved yield.

2. First Embodiment

Manufacturing Method in which the First
Interconnect Exposed at the Bottom of the
Large-Diameter Concave Portion Formed Earlier is
Covered with the Small-Diameter Resist Pattern

A description will be given below of the manufacturing
method of the semiconductor device 1 according to the first
embodiment described above with reference to the cross-
sectional process diagrams shown in FIGS. 2A to 2G.

As illustrated in FIG. 2 A, the first and second substrates 10
and 20 are fabricated. The interconnect layer 13 including the
first interconnect 12 is provided on one of the main sides of
the semiconductor layer 11 of the first substrate 10. The
interconnect layer 23 including the second interconnect 22 is
provided on one of the main sides of the semiconductor layer
21 of the second substrate 20. The first and second substrates
10 and 20 are bonded together with the joint section 30
sandwiched between the interconnect layer 13 and intercon-
nect layer 23, thus fabricating a bonded substrate.

It should be noted that the steps up to this point are not
particularly limited and may be performed using ordinary
techniques. The steps of forming a connection hole from this
point onward are a distinctive feature of the first embodiment.

As illustrated in FIG. 2B, a large-diameter resist pattern
100 is formed on the exposed side of the semiconductor layer
11 (front side 11a) of the fabricated bonded substrate. The
large-diameter resist pattern 100 has an opening 100a that
exposes the tops of the first and second interconnects 12 and
22. That is, the opening 100a is formed where the contact
portions of the first and second interconnects 12 and 22 are
covered when the semiconductor layer 11 is seen in plan view
from the side of the front side 11a.

As illustrated in FIG. 2C, the large-diameter concave por-
tion 41 is formed in the bonded substrate by etching using the
large-diameter resist pattern 100 as a mask. At this time, the
semiconductor layer 11 is etched using the large-diameter
resist pattern 100 as a mask, followed by etching of the
interlayer insulating film 14 until the first interconnect 12 is
exposed. The etching is terminated when the first intercon-
nect 12 is detected. Here, etching is performed using CF ,/Ar
or CF,/Ar/O, as an etching gas. However, the etching gas is
not limited thereto. After the etching, the large-diameter resist
pattern 100 is removed.

As aresult ofthe above, the large-diameter concave portion
41 is formed which has an opening sized to overlap the first
and second interconnects 12 and 22, with the first intercon-
nect 12 exposed in part of the bottom.

As illustrated in FIG. 2D, a new small-diameter resist
pattern 102 is formed on the front side 11a of the semicon-
ductor layer 11. The small-diameter resist pattern 102 has an
opening 102qa that does not overlap the first interconnect 12
but exposes the top of the second interconnect 22 within the
area where the large-diameter concave portion 41 is formed in
the bonded substrate. That is, the small-diameter resist pat-
tern 102 fully covers the first interconnect 12 that is exposed
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atthe bottom of'the large-diameter concave portion 41. On the
other hand, the opening 102a formed in the small-diameter
resist pattern 102 exposes the interlayer insulating film 14
located above the second interconnect 22.

As illustrated in FIG. 2E, the small-diameter concave por-
tion 42 is formed at the bottom of the large-diameter concave
portion 41 by etching using the small-diameter resist pattern
102 as a mask. At this time, the interlayer insulating film 14 is
etched by using the small-diameter resist pattern 102 cover-
ing the first interconnect 12 as a mask, followed by etching of
the joint section 30. The etching is terminated when the sec-
ond interconnect 22 is detected. Here, etching is performed
using CF/Ar or CF,/Ar/O, as an etching gas. However, the
etching gas is not limited thereto.

As a result of the above, the small-diameter concave por-
tion 42 is formed which is extended from the large-diameter
concave portion 41 and formed by digging into the bottom of
the large-diameter concave portion 42. The second intercon-
nect 22 is exposed at the bottom of the small-diameter con-
cave portion 42.

As illustrated in FIG. 2F, the resist pattern (102) is
removed. This completes the fabrication of the connection
hole 40 having the first and second interconnects 12 and 22
exposed at its bottom.

As illustrated in FIG. 2G, the filling metal 43 made, for
example, of copper is filled into the connection hole 40 as a
conductive member, thus connecting the first and second
interconnects 12 and 22 located at different depths via the
connection hole 40 having the filling metal 43 filled therein. It
should be noted that although the filling metal 43 is used here
as a conductive member, the conductive member is not lim-
ited thereto. Instead, a conductive film may be formed on the
inner wall of the connection hole 40. As a result, the semi-
conductor device 1 according to the first embodiment
described with reference to FIG. 1 is acquired.

Advantageous Effect of the Manufacturing Method
of the Semiconductor Device According to the First
Embodiment

In the manufacturing method according to the first embodi-
ment described above, etching is performed using the large-
diameter resist pattern 100 and small-diameter resist pattern
102 as masks respectively to form the patterns of the large-
diameter concave portion 41 and small-diameter concave
portion 42. When the pattern of the small-diameter concave
portion 42 is formed, etching is performed using the unique
small-diameter resist pattern 102 covering the first intercon-
nect 12 as a mask rather than using the first interconnect 12
exposed at the bottom of the large-diameter concave portion
41 as a mask. This prevents excessive subjection of the first
interconnect 12 to an etching atmosphere.

Therefore, the manufacturing method according to the first
embodiment prevents accumulation of reaction products pro-
duced by excessive etching of the first interconnect 12 on the
side wall of the connection hole 40. Further, the thinning of
the first interconnect 12 due to excessive etching can be
prevented, thus providing proper conductivity of the first
interconnect 12 and proper connection between the first inter-
connect 12 and filling metal 43.

This contributes to improved yield of the semiconductor
device 1.

Further, etching is performed using two resist patterns, one
for the large-diameter concave portion 41 and another for the
small-diameter concave portion 42. Therefore, a thinner resist
film is enough, which is not the case for etching using a single
resist pattern all the way through the process. This provides
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improved patterning accuracy of the resist pattern used to
form the connection hole 40, thus contributing to pitch reduc-
tion in the semiconductor device.

3. Second Embodiment

Manufacturing Method in which Etching is Stopped
Halfway in Such a Manner that the Unetched
Thicknesses on Top of the First and Second
Interconnects Agree

A description will be given below of the manufacturing
method of the semiconductor device 1 according to a second
embodiment with reference to the cross-sectional process
diagrams shown in FIGS. 3A to 3G. It should be noted that the
final configuration of the semiconductor device 1 is the same
as that of the semiconductor device 1 according to the first
embodiment.

First, a bonded substrate is fabricated which has the first
and second substrates 10 and 20 bonded together with the
joint section 30 sandwiched therebetween. The steps of form-
ing the connection hole 40 thereafter are a distinctive feature
of the second embodiment.

Next, as illustrated in FIG. 3A, a hard mask layer 200 is
formed on the front side 114 of the semiconductor layer 11 of
the fabricated bonded substrate. The hard mask layer 200 is
made of a material such as titanium nitride (TiN) to which
particles caused by etching do not readily adhere. Further, the
large-diameter resist pattern 100 having the opening 100« is
formed on the hard mask layer 200. The opening 100a
exposes the tops of the first and second interconnects 12 and
22.

As illustrated in FI1G. 3B, the hard mask layer 200 is etched
using the large-diameter resist pattern 100 as a mask, thus
forming a hard mask 200a. Next, the semiconductor layer 11
is etched using the large-diameter resist pattern 100 as a mask,
thus forming the pattern of a large-diameter concave portion
41-2 on the bonded substrate. At this time, the etching of the
semiconductor layer 11 is terminated before the first inter-
connect 12 is reached, thus leaving the semiconductor layer
11 and interlayer insulating film 14 unremoved on top of the
first interconnect 12. Here, for example, the hard mask layer
200 made of titanium nitride (TiN) is etched using C1,/BCl,
as an etching gas, and the semiconductor layer 11 made of
silicon (Si) is etched using C1,/O, as an etching gas. After the
etching, the large-diameter resist pattern 100 is removed.

As aresult ofthe above, the large-diameter concave portion
41-2 is formed which has an opening sized to overlap the first
and second interconnects 12 and 22, with an unetched thick-
ness ‘a’ remaining unremoved on top of the first interconnect
12.

As illustrated in FIG. 3C, the small-diameter resist pattern
102 is formed anew on the hard mask 200a. The small-
diameter resist pattern 102 has the opening 1024 that does not
overlap the first interconnect 12 but exposes the top of the
second interconnect 22 within the area where the large-diam-
eter concave portion 41-2 is formed in the bonded substrate.

As illustrated in FIG. 3D, the pattern of a small-diameter
concave portion 42-2 is formed at the bottom of the large-
diameter concave portion 41-2 by etching using the small-
diameter resist pattern 102 as a mask. At this time, the semi-
conductor layer 11, interlayer insulating film 14 and joint
section 30 are etched in this order using the small-diameter
resist pattern 102 as a mask, and the etching is terminated
before the second interconnect 22 is reached. Here, etching is
performed until the unetched thickness ‘a’ on top of the first
interconnect 12 and an unetched thickness ‘b’ on top of the
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second interconnect 22 agree (i.e., a=b). For example, an
etching time that provides a=b is specified in advance, and the
etching is terminated when this period of time elapses.

As illustrated in FIG. 3E, the resist pattern (102) is
removed. As a result, the hard mask 200q is provided on the
front side 114 of the semiconductor layer 11. The same mask
200 has the large-diameter concave portion 41-2 whose depth
does not expose the first interconnect 12 and the small-diam-
eter concave portion 42-2 whose depth does not expose the
second interconnect 22 and is aligned with the opening of the
large-diameter concave portion 41-2. In this condition, the
unetched thickness ‘a’ on top of the first interconnect 12 and
the unetched thickness ‘b’ on top of the second interconnect
22 agree (i.e., a=b).

As illustrated in FIG. 3F, the bottoms of the large- and
small-diameter concave portions 41-2 and 42-2 are dug at the
same time by etching from above the hard mask 200a. At this
time, the semiconductor layer 11, interlayer insulating film 14
and joint section 30 are etched until both of the first and
second interconnects 12 and 22 are exposed. Here, etching is
performed under the conditions that allow digging of the
semiconductor layer 11, interlayer insulating film 14 and joint
section 30 at the same etch rate. For example, etching is
performed using CF,/Ar or CF,/Ar/O, as an etching gas.
After the etching, the hard mask 200q is removed as neces-
sary. This completes the fabrication of the connection hole 40
having the first and second interconnects 12 and 22 exposed at
its bottom.

As illustrated in FIG. 3G, the filling metal 43 made, for
example, of copper is filled into the connection hole 40 as a
conductive member, thus connecting the first and second
interconnects 12 and 22 located at different depths via the
connection hole 40 having the filling metal 43 filled therein. It
should be noted that although the filling metal 43 is used here
as a conductive member, the conductive member is not lim-
ited thereto. Instead, a conductive film may be formed on the
inner wall of the connection hole 40.

As a result of the above steps, the manufacture of the
semiconductor device 1 according to the second embodiment
is complete.

Advantageous Effect of the Manufacturing Method
of the Semiconductor Device According to the
Second Embodiment

In the manufacturing method according to the second
embodiment described above, the large- and small diameter
concave portions 41-2 and 42-2 are formed first in such a
manner that the small diameter concave portion 42-2 is
extended from the bottom of the large-diameter concave por-
tion 41-2 without exposing the first and second interconnects
12 and 22 as illustrated in FIG. 3E. At this time, etching is
performed so that the unetched thickness ‘a’ on top of the first
interconnect 12 and the unetched thickness ‘b’ on top of the
second interconnect 22 agree (i.e., a=b). In this condition, the
semiconductor layer 11, interlayer insulating film 14 and joint
section 30 are etched at the same etch rate. As a result, the
etching is terminated when the second interconnect 22 is
exposed simultaneously with the exposure of the first inter-
connect 12. This ensures that the exposed first interconnect 12
is not subjected to an etching atmosphere for an extended
period of time.

Therefore, the manufacturing method according to the sec-
ond embodiment prevents accumulation of reaction products
produced by excessive etching of the first interconnect 12 on
the side wall of the connection hole 40 as does the manufac-
turing method according to the first embodiment. Further, the
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thinning of the first interconnect 12 due to excessive etching
can be prevented, thus providing proper conductivity of the
first interconnect 12 and proper connection between the first
interconnect 12 and filling metal 43.

This contributes to improved yield of the semiconductor
device 1.

Still further, in the manufacturing method according to the
second embodiment, the depth of the large-diameter concave
portion 41-2 that does not reach the first interconnect 12 is
smaller than the depth t1 of the large-diameter concave por-
tion 41 having the first interconnect 12 exposed at the bottom
described with reference to FIG. 1 as illustrated in FIG. 3B.

This particularly contributes to an even thinner resist film
of the large-diameter resist pattern 100 used to form the
pattern of the shallow large-diameter concave portion 41-2,
thus providing improved patterning accuracy in fabricating
the large-diameter resist pattern 100.

In addition, as illustrated in FIG. 3C, during the formation
of the small-diameter resist pattern 102 on the front side 11a
of the semiconductor layer 11 on which the shallow large-
diameter concave portion 41-2 is formed, the resist film with
only a small level difference is patterned by photolithography,
thus ensuring high patterning accuracy.

This contributes to further pitch reduction in the semicon-
ductor device.

4. Third Embodiment

Manufacturing Method in which Etching is Stopped
Halfway Using the Interlayer Insulating Film as an
Etching Stopper

A description will be given below of the manufacturing
method of the semiconductor device 1 according to a third
embodiment with reference to the cross-sectional process
diagrams shown in FIGS. 4A to 4G. It should be noted that the
final configuration of the semiconductor device 1 is the same
as that of the semiconductor device 1 according to the first
embodiment.

First, a bonded substrate is fabricated which has the first
and second substrates 10 and 20 bonded together with the
joint section 30 sandwiched therebetween.

Next, as illustrated in FIG. 4A, the hard mask layer 200 is
formed on the front side 114 of the semiconductor layer 11 of
the fabricated bonded substrate. Further, the large-diameter
resist pattern 100 is formed on the hard mask layer 200. The
same pattern 100 has the opening 1004 that exposes the tops
of'the first and second interconnects 12 and 22. The steps up
to this point are the same as those of the manufacturing
method according to the second embodiment. The timing
described next when etching is terminated during the forma-
tion of the pattern of the large-diameter concave portion is a
distinctive feature of the third embodiment.

As illustrated in FI1G. 4B, the hard mask layer 200 is etched
using the large-diameter resist pattern 100 as a mask, thus
forming the hard mask 200a. Next, the semiconductor layer
11 is etched under different etching conditions using the
large-diameter resist pattern 100 as a mask, thus forming the
pattern of a large-diameter concave portion 41-3 on the
bonded substrate. At this time, the interlayer insulating film
14 is used as an etching stopper, and the etching is terminated
when the same film 14 is exposed. This leaves the interlayer
insulating film 14 unremoved as the unetched thickness ‘a’ on
top of the first interconnect 12. After the etching, the large-
diameter resist pattern 100 is removed.

As a result, the large-diameter concave portion 41-3 is
formed which has an opening sized to overlap the first and
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second interconnects 12 and 22 with its bottom located at the
interface between the semiconductor layer 11 and interlayer
insulating film 14.

As illustrated in FIG. 4C, the small-diameter resist pattern
102 is formed anew on the hard mask 200a. The small-
diameter resist pattern 102 has the opening 1024 that does not
overlap the first interconnect 12 but exposes the top of the
second interconnect 22 within the area where the large-diam-
eter concave portion 41-3 is formed in the bonded substrate.

As illustrated in FIG. 4D, the pattern of a small-diameter
concave portion 42-3 is formed at the bottom of the large-
diameter concave portion 41-3 by etching using the small-
diameter resist pattern 102 as a mask. At this time, the inter-
layer insulating film 14 and joint section 30 are etched in this
order using the small-diameter resist pattern 102 as a mask,
and the etching is terminated before the second interconnect
22 is reached. Here, etching is performed until the unetched
thickness ‘a’ on top of the first interconnect 12 and the
unetched thickness ‘b’ on top of the second interconnect 22
agree (i.e., a=b) as in the second embodiment.

As illustrated in FIG. 4E, the resist pattern (102) is
removed. As a result, the hard mask 200q is provided which
has the large-diameter concave portion 41-3 whose depth
does not expose the first interconnect 12 and the small-diam-
eter concave portion 42-3 whose depth does not expose the
second interconnect 22 and which is aligned with the opening
of the large-diameter concave portion 41-3 on the front side
11a of the semiconductor layer 11. In this condition, the
unetched thickness ‘a’ on top of the first interconnect 12 and
the unetched thickness ‘b’ on top of the second interconnect
22 agree (i.e., a=b).

As illustrated in FIG. 4F, the bottoms of the large- and
small-diameter concave portions 41-3 and 42-3 are dug at the
same time by etching from above the hard mask 200a. At this
time, the interlayer insulating film 14 and joint section 30 are
etched until both of the first and second interconnects 12 and
22 are exposed. Here, etching is performed under the condi-
tions that allow digging of the interlayer insulating film 14
and joint section 30 at the same etch rate. After the etching,
the hard mask 200a is removed as necessary.

This completes the fabrication of the connection hole 40
having the first and second interconnects 12 and 22 exposed at
its bottom.

As illustrated in FIG. 4G, the filling metal 43 made, for
example, of copper is filled into the connection hole 40 as a
conductive member, thus connecting the first and second
interconnects 12 and 22 located at different depths via the
connection hole 40 having the filling metal 43 filled therein. It
should be noted that although the filling metal 43 is used here
as a conductive member, the conductive member is not lim-
ited thereto. Instead, a conductive film may be formed on the
inner wall of the connection hole 40.

As a result of the above steps, the manufacture of the
semiconductor device 1 according to the third embodiment is
complete.

Advantageous Effect of the Manufacturing Method
of the Semiconductor Device According to the Third
Embodiment

In the manufacturing method according to the third
embodiment described above, the large- and small diameter
concave portions 41-3 and 42-3 are formed first in such a
manner that the small diameter concave portion 42-3 is
extended from the bottom of the large-diameter concave por-
tion 41-3 without exposing the first and second interconnects
12 and 22 as illustrated in FIG. 4E. At this time, etching is
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performed so that the unetched thickness ‘a’ on top of the first
interconnect 12 and the unetched thickness ‘b’ on top of the
second interconnect 22 agree (i.e., a=b). In this condition, the
semiconductor layer 11, interlayer insulating film 14 and joint
section 30 are etched at the same etch rate. As a result, the
etching is terminated when the second interconnect 22 is
exposed simultaneously with the exposure of the first inter-
connect 12. This ensures that the exposed first interconnect 12
is not subjected to an etching atmosphere for an extended
period of time.

Therefore, the manufacturing method according to the
third embodiment prevents accumulation of reaction prod-
ucts produced by excessive etching of the first interconnect 12
on the side wall of the connection hole 40 as does the manu-
facturing method according to the first embodiment. Further,
the thinning of the first interconnect 12 due to excessive
etching can be prevented, thus providing proper conductivity
of'the firstinterconnect 12 and proper connection between the
first interconnect 12 and filling metal 43.

Further, in the manufacturing method according to the
third embodiment, the interlayer insulating film 14 is used as
an etching stopper during the formation of a pattern of the
large-diameter concave portion 41-3, and the etching is ter-
minated when the same film 14 is exposed as illustrated in
FIG. 4B. This makes it possible to terminate etching in a
well-controlled manner, thus contributing to improved yield
of the semiconductor device 1.

Still further, the depth of the large-diameter concave por-
tion 41-3 that does not reach the first interconnect 12 is
smaller than the depth t1 of the large-diameter concave por-
tion 41 having the first interconnect 12 exposed at the bottom
described with reference to FIG. 1. This provides improved
patterning accuracy in forming the large- and small-diameter
resist patterns 100 and 102 as in the second embodiment.

As aresult, it is possible to achieve further pitch reduction
in the semiconductor device.

5. Fourth Embodiment

Manufacturing Method in which the Filling Member
is Filled into the Concave Portion Formed by
Stopping Etching Halfway)>

A description will be given below of the manufacturing
method of the semiconductor device 1 according to a fourth
embodiment with reference to the cross-sectional process
diagrams shown in FIGS. 5A to 5H. It should be noted that the
final configuration of the semiconductor device 1 is the same
as that of the semiconductor device 1 according to the first
embodiment.

First, a bonded substrate is fabricated which has the first
and second substrates 10 and 20 bonded together with the
joint section 30 sandwiched therebetween.

Next, as illustrated in FIG. 5A, the hard mask layer 200 is
formed on the front side 114 of the semiconductor layer 11 of
the fabricated bonded substrate. A material which will serve
as an etching mask for the filling material formed thereafter is
used as the hard mask layer 200. Among materials that can be
used as the hard mask layer 200 are titanium nitride (TiN) and
silicon nitride (SiN). Here, silicon nitride (SiN) is used as an
example. Next, the large-diameter resist pattern 100 is formed
on the hard mask layer 200. The same pattern 100 has the
opening 100a that exposes the tops of the first and second
interconnects 12 and 22.

As illustrated in FI1G. 5B, the hard mask layer 200 is etched
using the large-diameter resist pattern 100 as a mask, thus
forming the hard mask 200a. Next, the semiconductor layer
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11 is etched using the large-diameter resist pattern 100 as a
mask, thus forming the pattern of a large-diameter concave
portion 41-4 on the bonded substrate. At this time, the etching
is terminated before the first interconnect 12 is exposed, thus
leaving the semiconductor layer 11 and interlayer insulating
film 14 unremoved on top of the first interconnect 12.
Although only the interlayer insulating film 14 is left unre-
moved in the example shown in FIG. 5B, the semiconductor
layer 11 may be left unremoved together with the interlayer
insulating film 14. Here, etching is performed using C1,/O, as
an etching gas. After the etching, the large-diameter resist
pattern 100 is removed.

As a result, the large-diameter concave portion 41-4 is
formed which has an opening sized to overlap the first and
second interconnects 12 and 22 with its bottom located at the
interface between the semiconductor layer 11 and interlayer
insulating film 14.

The steps up to this point are the same as those of the
manufacturing method according to the third embodiment.
The step of filling the large-diameter concave portion 41-4
described next is a distinctive feature of the fourth embodi-
ment.

As illustrated in FIG. 5C, a filling member 400 is filled into
the large-diameter concave portion 41-4 for planarization.
The filling member 400 has a high etch selectivity against the
hard mask 200¢ in the etching step which will be performed
next. Silicon oxide (Si0,) is among such a material.

As illustrated in FIG. 5D, the new small-diameter resist
pattern 102 is formed on the hard mask 200a. The small-
diameter resist pattern 102 has the opening 1024 that does not
overlap the first interconnect 12 but exposes the top of the
second interconnect 22 within the area where the large-diam-
eter concave portion 41-4 is formed in the bonded substrate.

As illustrated in FIG. SE, the pattern of a small-diameter
concave portion 42-4 is formed in the substrate having the
filling member 400 filled therein by etching using the small-
diameter resist pattern 102 as a mask. At this time, the filling
member 400 is etched using the small-diameter resist pattern
102 as a mask, and the etching is terminated before the second
interconnect 22 is reached. Here, etching is performed until
the unetched thickness ‘a’ on top of the first interconnect 12
and the unetched thickness ‘b’ on top of the second intercon-
nect 22 agree (i.e., a=b). Therefore, the interlayer insulating
film 14 is etched as necessary.

As illustrated in FIG. 5F, the resist pattern (102) is
removed. As a result, the filling member 400 is provided in the
large-diameter concave portion 41-4, the small-diameter con-
cave portion 42-4 is provided in the filling member 400, and
the hard mask 200q is provided on the front side 11a of the
semiconductor layer 11. The same mask 200 is aligned with
the opening of the large-diameter concave portion 41-4. In
this condition, the unetched thickness ‘a’ on top of the first
interconnect 12 and the unetched thickness ‘b’ on top of the
second interconnect 22 agree (i.e., a=b).

Asillustrated in FIG. 5G, the bottoms of the filling member
400 and small-diameter concave portion 42-4 are dug at the
same time by etching from above the hard mask 200a. At this
time, the filling member 400, interlayer insulating film 14 and
joint section 30 are etched until both of the first and second
interconnects 12 and 22 are exposed. Here, etching is per-
formed under the conditions that allow digging of the filling
member 400, interlayer insulating film 14 and joint section 30
atthe same etch rate. For example, etching is performed using
C,F¢/Ar/O, as an etching gas. After the etching, the hard
mask 200q is removed as necessary.
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This completes the fabrication of the connection hole 40
having the first and second interconnects 12 and 22 exposed at
its bottom.

As illustrated in FIG. 5H, the filling metal 43 made, for
example, of copper is filled into the connection hole 40 as a
conductive member, thus connecting the first and second
interconnects 12 and 22 located at different depths via the
connection hole 40 having the filling metal 43 filled therein. It
should be noted that although the filling metal 43 is used here
as a conductive member, the conductive member is not lim-
ited thereto. Instead, a conductive film may be formed on the
inner wall of the connection hole 40.

As a result of the above steps, the manufacture of the
semiconductor device 1 according to the fourth embodiment
is complete.

Advantageous Effect of the Manufacturing Method
of the Semiconductor Device According to the
Fourth Embodiment

In the manufacturing method according to the fourth
embodiment described above, the small-diameter concave
portion 42-4 is provided in the filling member 400 without
exposing the first and second interconnects 12 and 22 as
illustrated in FIG. 5F. At this time, etching is performed so
that the unetched thickness ‘a’ on top of the first interconnect
12 and the unetched thickness ‘b’ on top of the second inter-
connect 22 agree (i.e.,, a=b). In this condition, the filling
member 400, interlayer insulating film 14 and joint section 30
are etched at the same etch rate. As a result, the etching is
terminated when the second interconnect 22 is exposed
simultaneously with the exposure of the first interconnect 12.
This ensures that the exposed first interconnect 12 is not
subjected to an etching atmosphere for an extended period of
time, thus minimizing excessive etching of the first intercon-
nect 12.

Therefore, the manufacturing method according to the
fourth embodiment prevents accumulation of reaction prod-
ucts produced by excessive etching of the first interconnect 12
on the side wall of the connection hole 40 as does the manu-
facturing method according to the first embodiment. Further,
the thinning of the first interconnect 12 due to excessive
etching can be prevented, thus providing proper conductivity
of'the firstinterconnect 12 and proper connection between the
first interconnect 12 and filling metal 43.

This contributes to improved yield of the semiconductor
device 1.

Further, filling the filling member 400 into the large-diam-
eter concave portion 41-4 is a distinctive feature of the manu-
facturing method according to the fourth embodiment. This
makes it possible to form a resist film on a planarized surface
made up of the surface of the filling member 400 and that of
the hard mask 200a during the formation of the small-diam-
eter resist pattern 102 on the hard mask 200q as illustrated in
FIG. 5D. The resist film free from level difference is patterned
by lithography. This provides improved patterning accuracy
in forming the small-diameter resist pattern 102 even for a
small concave portion.

This contributes to further pitch reduction in the semicon-
ductor device.

6. Fifth Embodiment

Manufacturing Method in which a Resist Material
Used to Cover the Second Interconnect is Left
Unremoved in the Small-Diameter Concave Portion
Formed Earlier

A description will be given below of the manufacturing
method of the semiconductor device 1 according to a fifth
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embodiment with reference to the cross-sectional process
diagrams shown in FIGS. 6A to 6F. It should be noted that the
final configuration of the semiconductor device 1 is the same
as that of the semiconductor device 1 according to the first
embodiment.

First, a bonded substrate is fabricated which has the first
and second substrates 10 and 20 bonded together with the
joint section 30 sandwiched therebetween.

Next, as illustrated in FIG. 6A, the small-diameter resist
pattern 102 is formed on the front side 11a of the semicon-
ductor layer 11 of the fabricated bonded substrate. The small-
diameter resist pattern 102 has the opening 102a that exposes
the top of the second interconnect 22.

As illustrated in FIG. 6B, the pattern of a small-diameter
concave portion 42-5 is formed on the bonded substrate by
etching using the small-diameter resist pattern 102 as a mask.
At this time, the semiconductor layer 11, interlayer insulating
film 14 and joint section 30 are etched in this order using the
small-diameter resist pattern 102 as a mask, and the etching is
terminated when the second interconnect 22 is exposed. After
the etching, the small-diameter resist pattern 102 is removed.

As a result of the above, the small-diameter concave por-
tion 42-5 is formed which has the second interconnect 22
exposed at its bottom.

As illustrated in FIG. 6C, the large-diameter resist pattern
100 is formed on the front side 11a of the semiconductor layer
11. The large-diameter resist pattern 100 has the opening
100a that exposes the tops of the first and second intercon-
nects 12 and 22 within the area including the opening of the
small-diameter concave portion 42-5 that has been formed.
During the formation of the large-diameter resist pattern 100,
aresist material 1004 is left unremoved that covers the second
interconnect 22 exposed in the small-diameter concave por-
tion 42-5.

As illustrated in FIG. 6D, the pattern of a large-diameter
concave portion 41-5 is formed on the bonded substrate by
etching using the large-diameter resist pattern 100 as a mask.
At this time, the semiconductor layer 11, interlayer insulating
film 14 and joint section 30 are etched in this order using the
large-diameter resist pattern 100 as a mask, and the etching is
terminated when the first interconnect 12 is exposed. During
this etching adapted to form the large-diameter concave por-
tion 41-5, the resist material 1005 left unremoved in the
small-diameter concave portion 42-5 is etched and thinned.
At the end of the etching, the resist material 1005 may be
completely removed. Alternatively, some thereof may be left
unremoved.

As aresult ofthe above, the large-diameter concave portion
41 is formed which has an opening sized to overlap the first
and second interconnects 12 and 22, with the first intercon-
nect 12 exposed in part of the bottom.

As illustrated in FIG. 6E, the resist pattern 100 (shown in
FIG. 6D) is removed. At this time, the resist material 1005
(shown in FIG. 6D) is removed at the same time if any is left.
This completes the fabrication of the connection hole 40
having the first and second interconnects 12 and 22 exposed at
its bottom.

As illustrated in FIG. 6F, the filling metal 43 made, for
example, of copper is filled into the connection hole 40 as a
conductive member, thus connecting the first and second
interconnects 12 and 22 located at different depths via the
connection hole 40 having the filling metal 43 filled therein. It
should be noted that although the filling metal 43 is used here
as a conductive member, the conductive member is not lim-
ited thereto. Instead, a conductive film may be formed on the
inner wall of the connection hole 40.
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As a result of the above steps, the manufacture of the
semiconductor device 1 according to the fifth embodiment is
complete.

Advantageous Effect of the Manufacturing Method
of the Semiconductor Device According to the Fifth
Embodiment

In the manufacturing method according to the fifth
embodiment described above, the small-diameter concave
portion 42-5 is formed first to expose the second interconnect
22, and then the large-diameter concave portion 41-5 is
formed to expose the first interconnect 12, thus ensuring that
the first interconnect 12 is not excessively etched.

Further, when the large-diameter resist pattern 100 is
formed to form the pattern of the large-diameter concave
portion 41-5, the second interconnect 22 exposed at the bot-
tom of the small-diameter concave portion 42-5 is covered
with the resist material 1005. With the second interconnect 22
covered as described above, etching is performed using the
large-diameter resist pattern 100 as a mask until the first
interconnect 12 is exposed. During this period of time, the
resist material 1005 covering the second interconnect 22 is
etched and thinned. However, the resist material 1005 is left
unremoved all the way to the end of the etching or at least
halfway through the etching, thus minimizing excessive etch-
ing of the second interconnect 22.

Therefore, the manufacturing method according to the fifth
embodiment prevents accumulation of reaction products pro-
duced by excessive etching of the first interconnect 12 on the
side wall of the connection hole 40 as does the manufacturing
method according to the first embodiment. Further, the thin-
ning of the first interconnect 12 due to excessive etching can
be prevented, thus providing proper conductivity of the first
interconnect 12 and proper connection between the first inter-
connect 12 and filling metal 43.

This contributes to improved yield of the semiconductor
device 1.

Further, in the manufacturing method according to the fifth
embodiment, the etching from the front side 11a of the semi-
conductor layer 11 to the first interconnect 12 is performed in
a single step without stopping halfway as illustrated in FIG.
6D, thus exposing the same interconnect 12. In contrast, in the
manufacturing methods according to the second to fourth
embodiments, etching is stopped halfway before the first
interconnect 12 is reached, and etching is performed again to
expose the same interconnect 12. That is, the etching from the
front side 11a of the semiconductor layer 11 to the first
interconnect 12 is performed in two steps, thus exposing the
first interconnect 12. Therefore, the manufacturing method
according to the fifth embodiment allows for manufacture of
the semiconductor device 1 through a smaller number of steps
than the manufacturing methods according to the second to
fourth embodiments.

7. Sixth Embodiment

Manufacturing Method in which Etching is Stopped
Halfway in Such a Manner that the Unetched
Thicknesses on Top of the First and Second
Interconnects Agree

A description will be given below of the manufacturing
method of the semiconductor device 1 according to a sixth
embodiment with reference to the cross-sectional process
diagrams shown in FIGS. 7A to 7F. It should be noted that the
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final configuration of the semiconductor device 1 is the same
as that of the semiconductor device 1 according to the first
embodiment.

First, a bonded substrate is fabricated which has the first
and second substrates 10 and 20 bonded together with the
joint section 30 sandwiched therebetween.

Next, as illustrated in FIG. 7A, the small-diameter resist
pattern 102 is formed on the front side 11a of the semicon-
ductor layer 11 of the fabricated bonded substrate. The small-
diameter resist pattern 102 has the opening 102a that exposes
the top of the second interconnect 22.

As illustrated in FIG. 7B, the pattern of a small-diameter
concave portion 42-6 is formed in the bonded substrate by
etching using the small-diameter resist pattern 102 as a mask.
At this time, the semiconductor layer 11 and interlayer insu-
lating film 14 are etched in this order using the small-diameter
resist pattern 102 as a mask, and the etching is terminated
before the second interconnect 22 is reached. Here, etching is
performed until the unetched thickness ‘a’ on top of the first
interconnect 12 and the unetched thickness ‘b’ on top of the
second interconnect 22 agree (i.e., a=b). After the etching, the
small-diameter resist pattern 102 is removed.

As a result of the above, the small-diameter concave por-
tion 42-6 is formed in which the unetched thickness ‘a’on top
of the first interconnect 12 and the unetched thickness ‘b’ on
top of the second interconnect 22 agree (i.e., a=b).

As illustrated in FIG. 7C, the large-diameter resist pattern
100 is formed anew on the front side 11a of the semiconduc-
tor layer 11. The large-diameter resist pattern 100 has the
opening 100qa that exposes the tops of the first and second
interconnects 12 and 22 within the area including the small-
diameter concave portion 42-6 that has been formed.

As illustrated in FIG. 7D, the pattern of a large-diameter
concave portion 41-6 is formed in the bonded substrate, and
the bottom of the small-diameter concave portion 42-6 is dug,
by etching using the large-diameter resist pattern 100 as a
mask. At this time, the semiconductor layer 11, interlayer
insulating film 14 and joint section 30 are etched using the
large-diameter resist pattern 100 as a mask until both of the
first and second interconnects 12 and 22 are exposed. Here,
etching is performed under the conditions that allow digging
of the semiconductor layer 11, interlayer insulating film 14
and joint section 30 at the same etch rate.

As aresult ofthe above, the large-diameter concave portion
41-6 is formed which has an opening sized to overlap the first
and second interconnects 12 and 22, with the first intercon-
nect 12 exposed in part of the bottom. At the same time, the
second interconnect is exposed at the bottom of the small-
diameter concave portion 42-6.

As illustrated in FIG. 7E, the resist pattern (100) is
removed. This completes the fabrication of the connection
hole 40 having the first and second interconnects 12 and 22
exposed at its bottom.

As illustrated in FIG. 7F, the filling metal 43 made, for
example, of copper is filled into the connection hole 40 as a
conductive member, thus connecting the first and second
interconnects 12 and 22 located at different depths via the
connection hole 40 having the filling metal 43 filled therein. It
should be noted that although the filling metal 43 is used here
as a conductive member, the conductive member is not lim-
ited thereto. Instead, a conductive film may be formed on the
inner wall of the connection hole 40.

As a result of the above steps, the manufacture of the
semiconductor device 1 according to the sixth embodiment is
complete.
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Advantageous Effect of the Manufacturing Method
of the Semiconductor Device According to the Sixth
Embodiment

In the manufacturing method according to the sixth
embodiment described above, the small-diameter concave
portion 42-6 is formed without exposing the first and second
interconnects 12 and 22 as illustrated in FIG. 7B. At this time,
etching is performed so that the unetched thickness ‘a’ on top
of the first interconnect 12 and the unetched thickness ‘b’ on
top of the second interconnect 22 agree (i.e., a=b). As aresult,
the etching is terminated when the second interconnect 22 is
exposed simultaneously with the exposure of the first inter-
connect 12. This ensures that the exposed first interconnect 12
is not subjected to an etching atmosphere for an extended
period of time.

Therefore, the manufacturing method according to the
sixth embodiment prevents accumulation of reaction prod-
ucts produced by excessive etching of the first interconnect 12
on the side wall of the connection hole 40 as does the manu-
facturing method according to the first embodiment. Further,
the thinning of the first interconnect 12 due to excessive
etching can be prevented, thus providing proper conductivity
of'the firstinterconnect 12 and proper connection between the
first interconnect 12 and filling metal 43.

This contributes to improved yield of the semiconductor
device 1.

Further, in the manufacturing method according to the
sixth embodiment, the etching from the front side 11a of the
semiconductor layer 11 to the first interconnect 12 is per-
formed in a single step without stopping halfway as illustrated
in FIG. 7D, thus exposing the same interconnect 12. There-
fore, the manufacturing method according to the sixth
embodiment allows for manufacture of the semiconductor
device 1 through a smaller number of steps than the manu-
facturing methods according to the second to fourth embodi-
ments.

8. Seventh Embodiment

Manufacturing Method in which Etching is Stopped
Halfway in Such a Manner that the Unetched
Thicknesses on Top of the First and Second
Interconnects Agree and in which a Hard Mask is
Used

A description will be given below of the manufacturing
method of the semiconductor device 1 according to a seventh
embodiment with reference to the cross-sectional process
diagrams shown in FIGS. 8 A to 8F. It should be noted that the
final configuration of the semiconductor device 1 is the same
as that of the semiconductor device 1 according to the first
embodiment.

First, a bonded substrate is fabricated which has the first
and second substrates 10 and 20 bonded together with the
joint section 30 sandwiched therebetween.

Next, as illustrated in FIG. 8A, the hard mask layer 200
made, for example, of titanium nitride (TiN) is formed on the
front side 11a of the semiconductor layer 11 of the fabricated
bonded substrate. Next, the small-diameter resist pattern 102
is formed on the hard mask layer 200. The same pattern 102
has the opening 102a that exposes the top of the second
interconnect 22.

As illustrated in FIG. 8B, the pattern of a small-diameter
concave portion 42-7 is formed on the bonded substrate by
etching using the small-diameter resist pattern 102 as a mask.
At this time, the hard mask layer 200, semiconductor layer 11
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and interlayer insulating film 14 are etched in this order using
the small-diameter resist pattern 102 as a mask, and the etch-
ing is terminated before the second interconnect 22 is
reached. Here, etching is performed until the unetched thick-
ness ‘a’ on top of the first interconnect 12 and the unetched
thickness ‘b’ on top of the second interconnect 22 agree (i.e.,
a=b). After the etching, the small-diameter resist pattern 102
is removed.

As a result of the above, the small-diameter concave por-
tion 42-7 is formed in which the unetched thickness ‘a’on top
of the first interconnect 12 and the unetched thickness ‘b’ on
top of the second interconnect 22 agree (i.e., a=b).

As illustrated in FIG. 8C, the large-diameter resist pattern
100 is formed anew on the hard mask layer 200. The large-
diameter resist pattern 100 has the opening 100a that exposes
the tops of the first and second interconnects 12 and 22 within
the area including the small-diameter concave portion 42-6
that has been formed. Here, during the formation of the large-
diameter resist pattern 100, the resist film with a large level
difference is patterned by photolithography. Therefore, the
resist material 1005 may be left unremoved near the bottom in
the small-diameter concave portion 42-7. Next, the hard mask
layer 200 is etched using the large-diameter resist pattern 100
as a mask, thus forming the hard mask (200a).

As illustrated in FIG. 8D, the resist pattern (100) is
removed. At this time, the resist material (1005) left unre-
moved in the small-diameter concave portion 42-7 is removed
at the same time. This exposes the hard mask 200a on the
front side 11a of the semiconductor layer 11. The hard mask
200q has an opening that exposes the tops of the first and
second interconnects 12 and 22.

As illustrated in FIG. 8E, the pattern of a large-diameter
concave portion 41-7 is formed on the bonded substrate, and
the bottom of the small-diameter concave portion 42-7 is dug,
by etching using the hard mask 200a as a mask. At this time,
the semiconductor layer 11, interlayer insulating film 14 and
joint section 30 are etched using the hard mask 200qa as a mask
until both of the first and second interconnects 12 and 22 are
exposed. Here, etching is performed under the conditions that
allow digging of the semiconductor layer 11, interlayer insu-
lating film 14 and joint section 30 at the same etch rate. After
the etching, the hard mask 200q is removed as necessary.

As aresult ofthe above, the large-diameter concave portion
41-7 is formed which has an opening sized to overlap the first
and second interconnects 12 and 22, with the first intercon-
nect 12 exposed in part of the bottom, thus completing the
fabrication of the connection hole 40.

As illustrated in FIG. 8F, the filling metal 43 made, for
example, of copper is filled into the connection hole 40 as a
conductive member, thus connecting the first and second
interconnects 12 and 22 located at different depths via the
connection hole 40 having the filling metal 43 filled therein. It
should be noted that although the filling metal 43 is used here
as a conductive member, the conductive member is not lim-
ited thereto. Instead, a conductive film may be formed on the
inner wall of the connection hole 40.

As a result of the above steps, the manufacture of the
semiconductor device 1 according to the seventh embodiment
is complete.

Advantageous Effect of the Manufacturing Method
of the Semiconductor Device According to the
Seventh Embodiment

In the manufacturing method according to the seventh
embodiment described above, the small-diameter concave
portion 42-7 is formed without exposing the first and second
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interconnects 12 and 22 as illustrated in FIG. 8B. At this time,
etching is performed so that the unetched thickness ‘a’ on top
of the first interconnect 12 and the unetched thickness ‘b’ on
top of the second interconnect 22 agree (i.e., a=b). As aresult,
the etching is terminated when the second interconnect 22 is
exposed simultaneously with the exposure of the first inter-
connect 12. This ensures that the exposed first interconnect 12
is not subjected to an etching atmosphere for an extended
period of time.

Therefore, the manufacturing method according to the sev-
enth embodiment prevents accumulation of reaction products
produced by excessive etching of the first interconnect 12 on
the side wall of the connection hole 40 as does the manufac-
turing method according to the first embodiment. Further, the
thinning of the first interconnect 12 due to excessive etching
can be prevented, thus providing proper conductivity of the
first interconnect 12 and proper connection between the first
interconnect 12 and filling metal 43.

This contributes to improved yield of the semiconductor
device 1.

Further, in the manufacturing method according to the
seventh embodiment, etching is performed using the hard
mask 200a rather than the large-diameter resist pattern 100 to
form the pattern of the large-diameter concave portion 41-7 as
illustrated in FIG. 8D. As a result, even if the resist material
1005 is left unremoved that covers the second interconnect 22
in the small-diameter concave portion 42-7 formed earlier
during the formation of the large-diameter resist pattern 100,
etching adapted to form the pattern of the large-diameter
concave portion 41-7 can be performed thereafter without a
hitch as illustrated in FIG. 8C. That is, before the formation of
the pattern of the large-diameter concave portion 41-7, the
large-diameter resist pattern 100 is removed. At the same
time, the resist material 1005 left unremoved is removed.
Then, the pattern of the large-diameter concave portion 41-7
is formed using the hard mask 200q. Therefore, it is not
necessary to consider the lithography accuracy in relation to
the underlying layer with a large level difference in forming
the large-diameter resist pattern 100, thus making it easy to
set the lithography conditions.

Further, in the manufacturing method according to the
seventh embodiment, the etching from the front side 11a of
the semiconductor layer 11 to the first interconnect 12 is
performed in a single step without stopping halfway as illus-
trated in FIG. 8E, thus exposing the same interconnect 12. As
with the manufacturing method according to the fifth embodi-
ment, therefore, the manufacturing method according to the
seventh embodiment allows for manufacture of the semicon-
ductor device 1 through a smaller number of steps than the
manufacturing methods according to the second to fourth
embodiments.

It should be noted that, in the seventh embodiment, the hard
mask 200q is formed by etching using the large-diameter
resist pattern 100 as a mask after the formation of the small-
diameter concave portion 42-7 as illustrated in FIG. 8C. How-
ever, the manufacturing method according to the seventh
embodiment is not limited thereto. For example, the hard
mask 200a may be formed before the small-diameter concave
portion 42-7 is formed. At this time, the large-diameter resist
pattern 100 is formed on the hard mask layer 200 first, fol-
lowed by etching, thus forming the hard mask 200a. Then, the
large-diameter resist pattern 100 is removed, followed by the
formation of the new resist pattern 102, thus forming the
small-diameter concave portion 42-7.

In the manufacturing methods according to the second to
fourth and seventh embodiments, the following case has been
described. Thatis, the unetched thickness ‘a’ on top of the first
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interconnect 12 and the unetched thickness ‘b’ on top of the
second interconnect 22 are adjusted so that these thicknesses
agree (i.e., a=b). In this condition, even if the films remaining
on top of the first and second interconnects 12 and 22 by
etching are made of different materials, etching is performed
under the conditions that allow digging of these films at the
same etch rate. The first and second interconnects 12 and 22
are exposed at the same time, then the etching is terminated.

However, the manufacturing methods according to the sec-
ond to fourth and seventh embodiments are also applicable
when the etch rates of the films remaining unremoved on top
ofthe firstand second interconnects 12 and 22 are different. In
this case, it is only necessary to adjust two periods of time,
i.e., time period ‘A’ indicating how long the film remaining on
top of the first interconnect 12 is etched before the same
interconnect 12 is exposed and time period ‘B’ indicating how
long the film remaining on top of the second interconnect 22
is etched before the same interconnect 22 is exposed, by
factoring in the difference in etch rate between the films so
that the time periods ‘A’ and ‘B’ are equal. That is, it is only
necessary to adjust the unetched thicknesses ‘a’ and b’ so that
the time periods ‘A’ and ‘B’ are equal. These steps also pro-
vide the same advantageous effect as in the manufacturing
methods according to the second to fourth and seventh
embodiments.

In each of the above embodiments, a description has been
given of the configuration and manufacturing method of the
semiconductor device having the connection hole 40 in which
the single first interconnect 12 is exposed together with the
interlayer insulating film 14 at the bottom of the large-diam-
eter concave portion 41, with the single second interconnect
22 exposed at the bottom of the small-diameter concave por-
tion 42. The same portion 42 is provided by digging into the
bottom of the large-diameter concave portion 41.

However, the present technology is not limited in applica-
tion only to these configurations. Instead, the present tech-
nology is applicable to a configuration in which the plurality
of first interconnects 12 are exposed together with the inter-
layer insulating film 14 at the bottom of the large-diameter
concave portion 41 or to a configuration in which the plurality
of second interconnects 22 are exposed at the bottom of the
small-diameter concave portion 42.

It is possible to manufacture the semiconductor device 1
having any of these configurations by the same manufactur-
ing method, thus providing the same advantageous effect.

Further, the present technology is applicable to a configu-
ration in which the large-diameter concave portion 41 has its
bottoms formed at two different depths, with the first inter-
connect 12 exposed at each of the depths.

Even the semiconductor device having such a configura-
tion can be manufactured by the same manufacturing method.
The first interconnect 12 is exposed together with the inter-
layer insulating film 14 only at the deepest position of the
bottom of the large-diameter concave portion 41, and the
shallow bottom includes only the first interconnect 12. Even
in such a case, the first interconnect 12 exposed on the shallow
bottom of the large-diameter concave portion 41 is exces-
sively etched in some degree. However, it is possible to pre-
vent the same interconnect 12 from being affected by the
etching adapted to expose the second interconnect 22 located
at a deeper position, thus providing the same advantageous
effect.

It should be noted that the present technology is also appli-
cable to a configuration in which the small-diameter concave
portion 42 has its bottoms formed at two different depths,
with the second interconnect 22 exposed at each of the depths.
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The semiconductor device having such a configuration can be
manufactured by the same manufacturing method.

Further, in each of the above embodiments, a description
has been given of the configuration and manufacturing
method of the semiconductor device having the connection
hole 40 in which the first interconnect 12 arranged on the first
substrate 10 and the second interconnect 22 arranged on the
second substrate 22 are exposed.

However, the present technology is not limited in applica-
tion only to these configurations. Instead, the present tech-
nology is applicable to a configuration in which the first
interconnect and the second interconnect arranged deeper
than the first interconnect in a single semiconductor layer are
exposed in a connection hole.

It is possible to manufacture the semiconductor device 1
having such a configuration by the same manufacturing
method, thus providing the same advantageous effect.

While a case has been described in the above embodiments
in which the first and second conductive layers are intercon-
nects, the present technology is not limited in application only
to such a configuration. Instead, for example, the first and
second conductive layers may be diffusion layers formed in a
semiconductor layer. Even in this case, the present technol-
ogy provides the same advantageous effect.

It should be noted that the present technology may have the
following configurations.

1

A semiconductor device including:

a substrate having a first conductive layer and a second
conductive layer arranged deeper than the first conductive
layer;

a large-diameter concave portion having, on a main side of
a substrate, an opening sized to overlap the first and second
conductive layers, with the first conductive layer exposed in
part of the bottom of the large-diameter concave portion;

a small-diameter concave portion extended from the large-
diameter concave portion and formed by digging into the
bottom of the large-diameter concave portion, with the sec-
ond conductive layer exposed at the bottom of the small-
diameter concave portion; and

a conductive member provided in a connection hole made
up of the large- and small-diameter concave portions to con-
nect the first and second conductive layers.

@

The semiconductor device of feature 1, in which

the substrate is a bonded substrate having a substrate
including the first conductive layer and a substrate including
the second conductive layer bonded together.

3)

A manufacturing method of a semiconductor device
including:

forming, on a main side of a substrate having a first con-
ductive layer and a second conductive layer arranged deeper
than the first conductive layer, a large-diameter resist pattern
having an opening that exposes the tops of the first and second
conductive layers;

forming, in the substrate, a large-diameter concave portion
having the first conductive layer exposed at the bottom based
on etching using the large-diameter resist pattern as a mask;

forming, on the main side of the substrate, a small-diameter
resist pattern having an opening that exposes the top of the
second conductive layer within the area where the large-
diameter concave portion is formed; and

forming, in the substrate, a small-diameter concave portion
having the second conductive layer exposed at the bottom
based on etching using the small-diameter resist pattern as a
mask.
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“4)

The manufacturing method of the semiconductor device of
feature 3, in which

after the formation of the large-diameter concave portion,
the small-diameter resist pattern is formed in such a manner
as to cover the first conductive layer, and in which

the small-diameter concave portion is formed by etching
using the small-diameter resist pattern as a mask.
®)

The manufacturing method of the semiconductor device of
feature 3, in which

the large-diameter resist pattern is formed above the sub-
strate with a hard mask layer sandwiched therebetween, in
which

before the formation of the large-diameter concave por-
tion, a hard mask is formed by patterning the hard mask layer
through etching using the large-diameter resist pattern as a
mask, and in which

next, the small-diameter concave portion is formed by
etching the substrate using the small-diameter resist pattern
as a mask to a depth not exposing the second conductive layer,
followed by removal of the small-diameter resist pattern and
etching from above the hard mask so as to expose the second
conductive layer, and at the same time, the large-diameter
concave portion is formed with the first conductive layer
exposed therein.
(6)

The manufacturing method of the semiconductor device of
feature 5, in which

an unetched thickness of the small-diameter concave por-
tion on top of the second conductive layer agrees with an
unetched thickness of the large-diameter concave portion on
top ofthe first conductive layer during etching of the substrate
using the small-diameter resist pattern as a mask.
O

The manufacturing method of the semiconductor device of
feature 5 or 6, in which

after the formation of the hard mask by patterning the hard
mask layer through etching using the large-diameter resist
pattern as a mask, the substrate is etched to a depth not
exposing the first conductive layer.
®

The manufacturing method of the semiconductor device of
any one of features 5 to 7, in which

the substrate includes an interlayer insulating film and
semiconductor layer on the first conductive layer, and in
which

after the formation of the hard mask by patterning the hard
mask layer through etching using the large-diameter resist
pattern as a mask, the semiconductor layer is etched using the
interlayer insulating film as an etching stopper.
®

The manufacturing method of the semiconductor device of
feature 3, in which

the large-diameter resist pattern is formed above the sub-
strate with a hard mask layer sandwiched therebetween, in
which

before the formation of the large-diameter concave por-
tion, a hard mask is formed by patterning the hard mask layer
through etching using the large-diameter resist pattern as a
mask, followed further by the etching of the substrate to a
depth not exposing the first conductive layer, in which

the large-diameter resist pattern is removed, and a filling
member is filled into the concave portion of the substrate for
planarization followed by the formation of the small-diam-
eter resist pattern, and in which
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the small-diameter concave portion is formed by etching
the substrate using the small-diameter resist pattern as a mask
to a depth not exposing the second conductive layer, followed
by removal of the small-diameter resist pattern and etching
from above the hard mask so as to expose the second conduc-
tive layer at the bottom of the small-diameter concave por-
tion, and at the same time, the large-diameter concave portion
is formed with the first conductive layer exposed therein.
(10)

The manufacturing method of the semiconductor device of
feature 3, in which

before the formation of the large-diameter resist pattern,
the small-diameter concave portion is formed by etching
using the small-diameter resist pattern as a mask, and in
which

a resist material is left unremoved in the small-diameter
concave portion in such a manner as to cover the second
conductive layer during the formation of the large-diameter
resist pattern.
1D

The manufacturing method of the semiconductor device of
feature 3, in which

before the formation of the large-diameter resist pattern,
the substrate is etched using the small-diameter resist pattern
as a mask to a depth not exposing the second conductive layer,
and in which

then, the large-diameter concave portion is formed by etch-
ing using the large-diameter resist pattern as a mask with the
first conductive layer exposed therein, and at the same time,
the small-diameter concave portion is formed with the second
conductive layer exposed therein.
(12)

The manufacturing method of the semiconductor device of
feature 11, in which

the unetched thickness of the small-diameter concave por-
tion on top of the second conductive layer agrees with the
unetched thickness of the large-diameter concave portion on
top of the first conductive layer during etching of the substrate
using the small-diameter resist pattern as a mask.
(13)

The manufacturing method of the semiconductor device of
feature 11 or 12, in which

the substrate includes the interlayer insulating film and
semiconductor layer on the first conductive layer, and in
which

the semiconductor layer is etched using the interlayer insu-
lating film as an etching stopper during etching of the sub-
strate using the small-diameter resist pattern as a mask.
14

The manufacturing method of the semiconductor device of
any one of features 3 to 13, in which

after the formation of the large- and small-diameter con-
cave portions, the conductive member connected to the first
and second conductive layers is formed in a connection hole
made up of the large- and small-diameter concave portions.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors in so far as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A semiconductor device, comprising:

a substrate having a first conductive layer and a second
conductive layer arranged deeper than the first conduc-
tive layer, wherein the substrate is a bonded substrate
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having a substrate including the first conductive layer
and a substrate including the second conductive layer
bonded together;

a large-diameter concave portion having, on a main side of
a substrate, an opening sized to overlap the first and
second conductive layers, with the first conductive layer
exposed in at least part of the bottom of the large-diam-
eter concave portion, wherein the bottom of the large-
diameter concave portion is co-planar with the top of the
first conductive layer;

a small-diameter concave portion extended from the large-
diameter concave portion with the second conductive
layer exposed at the bottom of the small-diameter con-
cave portion;

a conductive member provided in a connection hole made
up of the large and small-diameter concave portions to
connect the first and second conductive layers; and

an interlayer insulating film exposed to the conductive
member, the bottom of the large-diameter concave por-
tion, and the top of the small-diameter concave portion.

2. The semiconductor device of claim 1, wherein only a top

surface of the first conductive layer is exposed at the bottom
of'the large-diameter concave portion, and wherein only a top
surface of the second conductive layer is exposed at the bot-
tom of the small-diameter concave portion.

3. A semiconductor device, comprising:

a substrate having a first conductive layer and a second
conductive layer arranged deeper than the first conduc-
tive layer, wherein the first conductive layer includes a
top surface and a bottom surface;

a large-diameter concave portion having, on a main side of
a substrate, an opening sized to overlap the first and
second conductive layers, with the first conductive layer
exposed in at least part of the bottom of the large-diam-
eter concave portion, wherein the bottom of the large-
diameter concave portion is co-planar with the top of the
first conductive layer;

a small-diameter concave portion extended from the large-
diameter concave portion with the second conductive
layer exposed at the bottom of the small-diameter con-
cave portion;
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a conductive member provided in a connection hole made
up of the large and small-diameter concave portions to
connect the first and second conductive layers; and

an interlayer insulating film exposed to the conductive

member, the bottom of the large-diameter concave por-
tion, and the top of the small-diameter concave portion,
wherein the interlayer insulating film includes a top
surface and a bottom surface, and wherein the top sur-
face of the interlayer insulating film is co-planar with the
top surface of the first conductive layer.

. A semiconductor device, comprising:

substrate having a first conductive layer and a second
conductive layer arranged deeper than the first conduc-
tive layer, wherein the first conductive layer includes a
top surface and a bottom surface;

a large-diameter concave portion having, on a main side of
a substrate, an opening sized to overlap the first and
second conductive layers, with the first conductive layer
exposed in at least part of the bottom of the large-diam-
eter concave portion, wherein the bottom of the large-
diameter concave portion is co-planar with the top of the
first conductive layer;

a small-diameter concave portion extended from the large-
diameter concave portion with the second conductive
layer exposed at the bottom of the small-diameter con-
cave portion;

a conductive member provided in a connection hole made
up of the large and small-diameter concave portions to
connect the first and second conductive layers; and

an interlayer insulating film exposed to the conductive
member, the bottom of the large-diameter concave por-
tion, and the top of the small-diameter concave portion,
wherein the interlayer insulating film includes a top
surface and a bottom surface, and wherein the bottom
surface of the interlayer insulating film is co-planar with
the bottom surface of the first conductive layer.
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